The analysis of financial market co-movement is an important issue for both policy makers and portfolio managers, for example, in terms of policy co-ordination and portfolio diversification. This paper presents evidence based on a data set of 33 daily international stock market indices. Initially using established cointegration and multivariate GARCH frameworks we report results that suggest correlations with the US have not in general exhibited an upward trend. The main exception to this is the G7 economies, although even here the correlations declined over the last two years of the sample. On a regional basis stronger evidence of rising correlations is reported, although again this evidence is not ubiquitous. Further, we then implement the recently developed non-parametric, model-free, realised variance methodology to generate monthly correlation coefficients. This method overcomes deficiencies in both the cointegration and GARCH methods. The results found at the daily level are largely confirmed by the realised correlations. Finally, we use the realised correlation coefficients to form international portfolios and compare the level of risk to that of an equally weighted portfolio. Results suggest the portfolios weighted according to the realised correlations exhibit diversification benefits over the equally weighted portfolios. Our results thus suggest that there remains room for portfolio managers to obtain diversification benefits, while policy makers may need to take in account possible adjustment costs of co-ordinated action.
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I. Introduction.
Analysis of financial market co-movement and correlation is an important issue for both policy makers and market participants, such as portfolio managers. That is, for policy makers, common movement and convergence would support transition in local currency areas (such as the Euro) without significant stock market adjustment caused by any business cycle adjustment. Moreover, such convergence may imply potential efficiency gains from stock market merger activity.
Furthermore, financial convergence may lead to greater financial stability and policy coordination across regions. With regard to portfolio managers, increased correlations and co-movement between international stock markets would imply reductions in the benefits of portfolio diversification, such that portfolio managers would need to actively adjust their portfolios in search of assets with lower correlations.
The general view within the literature is that correlations between assets are time-varying, with evidence in particular noting increases in correlations across international stock markets at times of stress (see, for example, King and Wadhwani, 1990 ; Karolyi and Stulz, 1996; Forbes and Rigobon 2002) and at different stages of the business cycle (Erb et al, 1994; Longin and Solnik, 1995) . However, it is unclear as to whether correlations amongst equity markets have trended upwards over time, although at present, the balance of evidence suggests that they have (see, for example, Roll, 1989; King et al, 1994; Longin and Solnik, 1995; Rangvid, 2001; Goetzmann et al 2001) .
The extant literature has largely conducted investigations of international equity market correlations and convergence along two lines. The first line of enquiry examines whether there is any evidence of cointegration amongst international stock indices (see, for example, Taylor and Tonks, 1989; Kasa, 1992; Corhay et al, 1993; Aggarwal and Kyaw, 2005; Fraser and Oyefeso, 2005) . The belief being that should stock markets exhibit cointegration and therefore follow the same long-run time path (or stochastic trend) then any gains from diversification across an international portfolio will be confined to short-run horizons when markets temporarily diverge from their long-run path. On balance, evidence from the papers cited above lends support to the belief that co-movement does exist in the long-run behaviour of series.
The second line of enquiry attempts to directly model time-variation within correlation coefficients between series through a multivariate extension of the GARCH model (see, for example, Ragunathan and Mitchell, 1997; Berben and Jansen, 2005; Kim et al, 2005) . One argument in favour of this approach is that cointegration analysis assumes a long-run stable equilibrium path, whereas the process of financial convergence (should it occur) is a dynamic process that exhibits strong time-variation. Again, evidence with regard to the time-varying nature of correlations is mixed, with, for example, Longin and Solnik (1995) arguing in favour of increased correlations amongst the US, UK, France, Japan and Switzerland, and Kim et al (2005) arguing in favour of integration within EMU countries, while King et al (1994) and Ragunathan and Mitchell (1997) argue that there has been little increase in correlations across international stock markets However, both of these lines of enquiry suffer from potential drawbacks, first, as noted cointegration analysis is not able to capture the fluid nature of financial integration but instead looks for commonality over a fixed time frame. Furthermore, cointegration results only impart economic significance when examined over sufficiently long time horizons, such that increasing the number of observations by using higher-frequency data over shorter time frames does not necessarily produce meaningful results. Second, the GARCH approach is beset by two problems, first the need to ensure tractable estimation, for example, a fully specified bivariate-GARCH(1,1) model has 21 parameters. As such, a variety of alternate methods exist in order to conduct such estimation. This is further complicated by the existence of several GARCH specification designed to capture different aspects of the data, for example, asymmetric and long-memory GARCH models. The net effect of this is that no single specification dominates and indeed differing results may be obtained from different GARCH specifications. Thus, in addition to the methods noted above, we also compute realised correlations based upon the recently devised realised variance methodology and which is regarded as free from measurement error and provides a model-free nonparametric framework in which to examine time-variation in volatilities.
The aim of this paper is to reconsider the temporal nature of international stock market correlation in the light of the three methodologies noted above utilising a large data set of international stock market indices. In Section II we re-consider evidence of cointegration between both major industrial economies and regional economies. The belief is that increasing integration between equity markets of the major economies has led to investors to seek diversification benefits in the more emerging economies. In Section III we consider bivariate GARCH models to examine for any trending behaviour in the dynamics of correlations between countries. Whilst these previous two sections consider daily data, Section IV models correlations at the monthly frequency but utilising the information content at the daily level through the construction of realised correlations, for which this study represents one of the first to apply the realised volatility methodology to the analysis of portfolio correlations. Furthermore, we use the estimated time-varying realised correlation coefficients to construct international portfolios and compare the risk within these portfolios to equally-weighted constructed portfolios. Section V summarises and concludes.
II. Data and Cointegration Results.
Data from thirty-three international stock market indices was collected over the period 3/1/1994 -27/4/2005, resulting in 2950 observations. This data represents a good cross-section of data from developed, emerging and developing economies, and for which summary statistics for returns (differenced log values) and unit root tests for the log-levels are presented in Table 1 . The data in this table is grouped according to G7 membership and region, and these groupings are used in the cointegration tests.
These summary statistics reveal the usual characteristics of daily equity returns, that is, a small mean value and a larger standard deviation. Furthermore, evidence of nonnormality and in particular excess kurtosis is evident, and which is more pronounced for the economies that exhibit a lower level of development. Finally, ADF tests support the belief of a unit root in the levels of the data.
In order to test for cointegration we employ the well-known technique of Johansen (1996) , and thus only briefly state it here. To test for cointegration we use the p-dimensional vector autoregressive process of kth order:
(1)
where ∆ is the first-difference operator, Y t is a (p x 1) random vector of time series variable integrated of order one or less, µ is a (p x 1) vector of constants, Γ i are (p x p) matrices of parameters, ε t is a sequence of zero-mean p-dimensional white noise vectors, and Π is a (p x p) matrix of parameters the rank of which contains information about long-run relationships among the variables. As is well known, the VECM expressed in equation (1) reduces to an orthodox vector autoregressive (VAR) model in first-differences if the rank (r) of Π is zero, whilst if Π has full rank, r = p, all elements in Y t are stationary. More interestingly, 0<r<p suggests the existence of r cointegrating vectors, such that there exist (p x r) matrices α and β each of rank r and such that Π=αβ′, where the columns of the matrix α are adjustment (or loading) factors and the rows of the matrix β are the cointegrating vectors, with the property that β′y t , is stationary even though Y t may comprise of individually I(1) processes.
Tests of the hypothesis that the number of cointegrating vectors is at most r (r=1,…,p) are conducted using both the maximum-eigenvalue and trace test statistic for reduced rank in the context of the restrictions imposed by cointegration on the unrestricted VAR involving the series comprising Y t .
The results of cointegration tests are reported in Table 2 . The results presented here suggest for the G7, the two European and Others groupings there is a single cointegrating vector, that is just one long-run stationary relationship between the series. For the Asian group there are two cointegrating vectors, and one if Australia is excluded from the group. Thus, in the terminology of Stock and Watson (1988) there are six, eight, three, eight and two common stochastic trends for the G7, North Europe, South Europe, Asia and Other regions respectively. This suggests that although there is evidence of comovement amongst these international indices the evidence is not as strong as suggested by, for example, Kasa (1992) and Fraser and Oyefeso (2005) who argue for one common stochastic trend amongst the UK, US, Canada, Germany and Japan (Kasa) and UK, US and seven other European countries (Fraser and Oyefeso) , but is similar to that of Corhay et al (1993) who report multiple common stochastic trends in the data for UK, France, Germany and the Netherlands.
Our results support the view that whilst there is some evidence of convergence, international stock markets are not fully integrated, even on a regional or market development basis.
As noted in the Introduction, one potential drawback of the cointegration methodology is that it does not allow for dynamic changes in the nature of the relationship between the series. Thus, we proceed to consideration of a model to account for such dynamics. However, before we consider estimates of the BV-GARCH models, to get an idea of any time-variation within the nature of the cointegrating relationships, we first consider rolling cointegration tests with a window of five-years. That is, we test for cointegration over the period 1/1/1994-31/12/1998 and then roll this window forward one period and re-conduct the cointegration test.
The results of this procedure are plotted in Figure 1 . What these results reveal is that the nature of the cointegrating relationship has not remained constant over the sample period. In particular, we can see for the G7 economies cointegration only appears in the latter part of the sample. Unsurprisingly cointegration is rarely supported for the lesser-developed countries.
III. Bivariate GARCH Models.
Whilst the cointegration approach examines for long-run comovement, it can be argued that the process of integration is more fluid, with the degree of integration changing (increasing) over time, as such the cointegration approach may not capture this dynamic. Thus, we consider the bivariate GARCH approach in an attempt to directly model any change in correlations between international stock markets.
The formulation of bivariate GARCH model is given as:
where y t is a 2 ×1 vector of random variables incorporating the returns on two stock indices. The 2 ×1 error vector ε t is normally distributed with zero mean and conditional variance-covariance matrix given by H=E(ε t ε t ′⏐ψ t-1 ) where ψ t-1 is the information set up to time t-1. The general bivariate GARCH model is then given by:
where C is a (3 × 1) parameter vector of constants, A 1 , B 1 are (3 × 3) parameter matrices, and vech denotes the operator that stacks the lower portion of a matrix into a vector.
Several authors (for example, Engle and Kroner, 1995; Wahab, 1995) have discussed the difficulties that arise in determining the appropriate parameterisation of the conditional covariance matrix, for example a full bivariate (BV-) GARCH(1,1) model has twenty-one parameters to be estimated. A parsimonious parameterisation can be obtained by imposing a diagonal restriction on the multivariate parameter matrices, such that each variance and covariance element depends only upon its past values (Bollerslev, Engle and Wooldridge, 1988) . However, in this specification it is non-trivial to ensure H is positive semi-definite. Thus, we employ the BEKK specification (Engle and Kroner, 1995) which guarantees positive semi-definiteness, hence our GARCH(1,1) model becomes:
where A, B, and C are (2 × 2) matrices, with A and B diagonal matrices with parameters A 1 , A 2 , B 1 , and B 2, while matrix C is upper triangle with C 1 , C 2 on the diagonal and C 3 the off-diagonal parameter. Finally, the time-varying correlation statistic is computed as: In order to examine time-variation in the correlations between international stock markets we first estimate our BV-GARCH(1,1) models for all series versus the US. In addition we also examine time-variation in the correlations between Japan and the Asian economies and Germany and the European economies. The results for the time-varying correlations with the US are reported in Table 3 ( Figure 2 illustrates our results between the US and the remaining G7 countries), while the regional correlations with Germany and Japan are presented in Table 4 . i Each of these tables presents the mean correlation over the full sample, the first 130 observations (equivalent to one-half of a trading year), the middle 130 observations and the final 130 observations. Finally, we also present the coefficient estimate of the correlation series regressed on a trend (and constant).
Examining the results first for the time-varying correlations with the US. The graphical results in Figure 2 reveal that there is a general upward trend in the correlation between the US and the G7 economies, and notably with Canada, France, Germany and Italy, but less so with Japan and the UK. Furthermore, the correlations appear to decline over the last two years. This finding is mirrored in the tabulated results where the estimated trend term is positive and relatively large for Germany and Italy. Further, the mean value of the correlation increases from the beginning of the sample to the middle of the sample for all series, and again particularly so for Germany and Italy, but declines between the middle of the sample and the end of the sample. Of further note, the correlations between the US and Japan appear low throughout the sample, suggesting a diversification opportunity.
With regard to the correlations between the US and the Northern Europe economies there appears to be little evidence of an upward trend in the nature of the relationship, although all the trend coefficients are positive they are also very small.
ii As with the G7 results, there is an increase in the correlation coefficients between the start of the sample and the middle of the sample, and (with the exception of Iceland) a fall in the strength of correlations between the middle and end of the sample.
Nevertheless, correlation coefficients remain relatively low again suggesting potential portfolio diversification opportunities. With regard to the correlations between the US and Southern Europe an almost identical pattern can be observed. That is, an increase in the strength of correlation between the start and middle of the sample, and a reduction in the strength of correlations between the middle and end of the sample (with the exception of Turkey which shows an increasing strength of correlations).
Furthermore, at the end of the sample correlation remain low and close to zero for all series (except Spain for which the correlation coefficient nevertheless, is only 0.34).
Examining the time-varying correlations between the US and the Asian economies, again there is no evidence of trending behaviour with the trend coefficient very small for all series, and negative for three series.
iii Furthermore, correlations are close to zero for all series at the end of sample. Moreover, in contrast to the results for the previous series, there is no general pattern of increasing correlations between the start and middle of the sample before a fall off in the strength of correlations, here no general pattern appears to exist. As before these results do suggest low correlations, with no evidence that they are increasing, suggesting opportunities for diversification. Finally, with regard to the correlations between the US and the Others there is some evidence of a positive trend in the correlations between the US and Brazil but much less so with India while the correlations with Argentina appear to be declining in strength. 
IV. Monthly Realised Correlations.
Whilst most market participants would observe the market on a daily basis, it is also true that portfolio managers may make their decisions, that is, evaluate and adjust their portfolio's, on a monthly basis. Thus, in this section we calculate monthly correlations between the US and all other markets to sharpen the focus upon the onemonth horizon. Furthermore, given that we have at our disposal daily data, rather than re-sampling at the monthly frequency we can make use of the daily data and construct monthly realised correlations. sharply with the common use of the squared h-period return as the simple ex post volatility measure which, although provides an unbiased estimate for realised integrated volatility, is an extremely noisy estimator. Furthermore, for longer horizons any conditional mean dependence will tend to contaminate this latter variance measure, whereas the mean component is irrelevant for the quadratic variation.
Finally, the realised variance and covariance is given by: Before proceeding to an examination of the plots of the time-varying correlations we present some relevant summary statistics for the realised variances, covariance and correlations in The results from this analysis, as with the daily analysis, suggest that correlations between the US and the rest of the world have not unambiguously trended upwards and that there remains room for portfolio managers to obtain diversified portfolios.
Does the Time-Variation Matter?
As a final exercise we briefly examine whether taking into account the time-variation noted above, in constructing monthly portfolios, reduces risk over an equallyweighted portfolio. That is for the G7 economies and each regional portfolio we compare an equally weighted portfolio, to one whose weights are determined by the estimated correlation coefficient from the latter analysis, such that those indices which have a correlation coefficient closest to -1 are given the greatest weight in the portfolio, the index with the second closest correlation coefficient to -1 is given the next highest weight in the portfolio and so on until the index with a correlation coefficient closest to 1 is given the lowest weight. In order to examine the level of risk within the equally-weighted portfolios and the portfolios whose weights are timevarying and determined by the time-varying correlation coefficient we plot in Figure 8 the 1% Value-at-Risk (VaR) of each portfolio. That is, the VaR is calculated as 
IV. Summary and Conclusions.
The analysis of financial market correlation and co-movement is an important issue for both policy makers and market participants, such as portfolio managers. That is, for policy makers financial convergence is important in assessing the potential costs from policy co-ordination and greater economic integration, while with regard to portfolio managers, financial correlations implies reductions in the benefits of portfolio diversification. The general view within the literature is that correlations between assets are time-varying, with particular increases in correlations at times of stress, however, it is less clear as to whether correlations amongst equity markets have trended upwards over time, although at present, the balance of empirical evidence suggests that is the case.
This paper seeks to reconsider this evidence using a data set of 33 daily international stock market indices. In particular, following the existing literature, we initially consider evidence from both cointegration and multivariate GARCH frameworks. In addition we also implement the more recent non-parametric realised variance method to model time-variation in the correlation coefficient. The benefit of incorporating this latter method is twofold. First, it enables examination of dynamic time-variation that the cointegration methodology does not, and second, it overcomes the shortfalls in the GARCH methodology with respect to parameterisation.
Furthermore, it can be argued that the monthly frequency is more relevant to portfolio managers. Finally, we consider whether a portfolio based on the realised correlations from this latter exercise can reduce portfolio risk over an equally weighted portfolio.
Our results suggest the following pertinent points. First, examining the cointegration results, whilst there is evidence of co-movement and therefore convergence, nevertheless there is also evidence of multiple common stochastic trends, indicating that these stock markets are not fully converged. Second, examining the results for the time-varying correlations with the US, these results reveal that although there is a general upward trend in the correlation between the US and the G7 economies, the correlations appear to decline over the last two years.
Third, with regard to the correlations between the US and all other economies there appears to be little evidence of an upward trend in the nature of the relationship, although there is wide variability and sub-periods that do exhibit both positive and negative correlations. Fourth, on a more regional basis, correlations do exhibit much greater evidence of positive trending behaviour, for example, in the Asian economies this is perhaps most prevalent between Japan and Hong Kong, Korea, Singapore and Taiwan, while with regard to the European economies the correlations are high for a number of countries and in particular, between Germany and Belgium, Finland, France, Italy, Netherlands, Spain, Sweden, Turkey and the UK. Nevertheless, the correlations remain relatively low for some economies, in particular between Japan and China, Indonesia, Malaysia and the Philippines, and Germany and Greece and
Iceland. Fifth, the results regarding the correlations with the US are supported by analysis at the monthly level using realised correlation analysis, which provides for a measurement-free method of constructing variances. Furthermore, a simple exercise which examines the riskiness of equally-weighted portfolios and those constructed on the basis of the time-varying realised correlations supports a role for active portfolio management in reducing portfolio risk.
In sum, the results from this analysis suggest that correlations between the US and the rest of the world have not unambiguously trended upwards, and whilst there is evidence to support such a relationship with other G7 economies, even here correlations have fallen in the past two years. With the remaining markets (both European, Asian and Others) no such general trending behaviour is observed. Within regional groupings there is more evidence of upwards trending correlations, however, again this is not a dynamic true to all markets considered and even within the Asia and Europe region there are relatively modest correlations. These results suggest that the degree of market co-movement has perhaps been overstated and that there remains room for portfolio managers to obtain diversified portfolios both within geographical regions and more globally. Similarly policy makers may need to take in account possibly not insignificant adjustment costs of co-ordinated action across regional markets.
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